Saccharomyces cerevisiae is an excellent model organism for addressing questions in cell biology, but other yeast systems are also providing new insights into several fundamental cellular processes.
Given these tremendous resources, why study cell biology in any other model system? One reason is that certain pathways and organelles are not present in yeast cells. Examples include regulated secretion, which can be studied in protozoa such as Tetrahymena thermophila [2] , and flagellar assembly, which is being characterized using the green alga Chlamydomonas reinhardtii [3] . Even when a process occurs in S. cerevisiae, the mechanism in another yeast species may be sufficiently different that significant insights can be obtained by comparing the two systems. Perhaps the most famous example is cell division in the fission yeast Schizosaccharomyces pombe [4] . I shall focus here on an aspect of cell biology that has only recently benefited from the use of yeasts other than S. cerevisiae -the biogenesis and dynamics of membrane-bounded organelles.
Non-Saccharomyces yeasts
For the purposes of this discussion, non-Saccharomyces yeasts can be divided into two categories: other budding yeasts and S. pombe. S. pombe is evolutionarily quite divergent from budding yeasts. This divergence has two advantages for research [5] . First, in some respects, S. pombe resembles mammalian cells more closely than does S. cerevisiae. Second, if a process is similar in S. pombe and S. cerevisiae, it is likely to be conserved throughout eukaryotes. Many molecular genetic techniques are available for S. pombe [5] , and sequencing of the S. pombe genome is well under way (see the web site at http://www.nih.gov/sigs/yeast/fission.html).
Cell biologists have made use of several budding yeasts aside from S. cerevisiae, including Pichia pastoris, Hansenula polymorpha, Yarrowia lipolytica and Kluyveromyces lactis. Like S. cerevisiae, these yeasts can be manipulated using methods such as mating and sporulation, transformation with integrating and replicating vectors, and gene replacement by homologous recombination [6] . Moreover, genes and antibodies obtained from research with S. cerevisiae can often be used to study other budding yeasts.
Protein translocation and folding in the ER
In most cells, nascent secretory proteins associate with the signal recognition particle (SRP) and then undergo cotranslational translocation across the endoplasmic reticulum (ER) membrane [7] . S. cerevisiae is unusually adept at post-translational translocation into the ER, and can survive in the absence of the SRP [7] . The SRP is essential, however, for the viability of Y. lipolytica and S. pombe. Wise and colleagues [8] took advantage of this observation to perform a genetic study in S. pombe of the SRP54 subunit, which contains a GTPase domain. Mutants of SRP54 that were trapped in the GTP-bound conformation had a dominant lethal phenotype, whereas mutants trapped in the GDP-bound conformation did not interfere with the function of wild-type SRP54. These data led to a working model for the role of GTP hydrolysis in the SRP reaction cycle.
After translocation into the ER, secretory proteins interact with folding and quality-control machinery. One component of this machinery is calnexin, a molecular chaperone that recognizes misfolded proteins that have glucose residues on their N-linked oligosaccharide side chains [9] . The enzyme responsible for maintaining the glucosylation state of misfolded proteins is UDP-glucose:glycoprotein glucosyltransferase. Genetic analysis of this quality-control system has been limited because S. cerevisiae lacks the glucosyltransferase and its calnexin-like protein is not essential. The ER of S. pombe, however, contains both UDP-glucose:glycoprotein glucosyltransferase and a bona fide calnexin homolog that is essential for cell growth [10, 11] .
Organization and positioning of the Golgi apparatus
The processes that generate the unique organization of the Golgi apparatus are still mysterious. Although the Golgi apparatus in S. cerevisiae has been productively studied using biochemical and genetic methods, this organelle rarely displays the stacked cisternal morphology seen in higher eukaryotes [12] . By contrast, S. pombe contains stacked Golgi structures [13] . Morphologically well-defined Golgi stacks are also present in P. pastoris (Fig. 1) [14] . Antibodies raised against S. cerevisiae proteins can be used to label the Golgi apparatus in P. pastoris, and S. cerevisiae Golgi proteins localize correctly when expressed in P. pastoris (my unpublished data). As in many other eukaryotes, Golgi stacks in P. pastoris are situated next to vesiculating transitional ER regions (Fig. 1) . P. pastoris is thus ideally suited to a genetic investigation of Golgi positioning.
During the passage of glycoproteins through the Golgi apparatus, oligosaccharide side chains are modified by the transfer of sugar residues from sugar nucleotide donors. In S. cerevisiae, these modifications involve only mannose residues. Other yeasts transfer additional sugar groups, including galactose in S. pombe [13] and N-acetylglucosamine (GlcNAc) in K. lactis [15] . The membrane transporter for UDP-GlcNAc has been cloned from K. lactis [15] , so it should now be possible to express mutant forms of the transporter protein in order to study the localization mechanism of this novel class of Golgi proteins.
Peroxisomes and mitochondria
The most extensive use of alternative yeasts for organellar studies has been in the field of peroxisome biogenesis. Peroxisomes are present in S. cerevisiae, but are much more prominent in methylotrophic (methanol-assimilating) yeasts such as P. pastoris and H. polymorpha -peroxisomes occupy a large fraction of the cytoplasm of these cells during growth on methanol. In methylotrophic yeasts, mutants defective in peroxisome biogenesis can be easily identified by their inability to grow on two different carbon sources, methanol and oleic acid [14, 16, 17] . Genes involved in peroxisome biogenesis have also been isolated from Y. lipolytica [18] . These genetic analyses, with complementary studies using S. cerevisiae and mammalian cells, have led to an explosive growth in information about peroxisomal protein import and the molecular basis of human peroxisomal disorders [19] . If P. pastoris or H. polymorpha cells are transferred from methanol to glucose medium, the peroxisomes are rapidly lost through a mechanism that involves autophagic degradation in the vacuole. The recent isolation of mutants with defects in this pathway will help to reveal how entire organelles can be degraded [20, 21] .
S. cerevisiae cells transport mitochondria along actin filaments [22] . By contrast, vertebrate cells use microtubules to transport mitochondria. The molecular mechanisms and biological functions of mitochondrial motility remain poorly understood. A promising new system for studying this process is S. pombe, in which mitochondrial distribution and inheritance are compromised by mutations in genes encoding ␣ and ␤ tubulin [23] . This finding opens the way for a molecular and genetic analysis of microtubuledependent organellar motility.
Prospects
There are sometimes compelling reasons for focusing on a model eukaryote other than S. cerevisiae. Fortunately, several species differ from S. cerevisiae in interesting ways while retaining many of the experimental advantages of baker's yeast. For biologists, the appeal of alternative yeast species increases dramatically as molecular tools become available. The development of such tools is driven partly by advances in biotechnology and medicine. An example from biotechnology is methylotrophic yeasts, which have been studied extensively by workers concerned with the highlevel production of heterologous proteins [6] . On the medical front, there is intense interest in Candida albicans and related pathogenic yeasts. Classical genetics is difficult with Candida species, because they lack a sexual cycle, but molecular genetic techniques for Candida are becoming more sophisticated [6] . This synergy between pure and applied research will make non-Saccharomyces yeasts increasingly valuable for exploring basic cell biology.
